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ABSTRACT

Unplanted field plots at East Lansing, MI were covered
with clear plastic sheeting (soil solarization), black plastic
sheeting, or maintained in barren fallow during the sum-
mers of 1988, 1989 and 1990. Temperatures were
monitored at various depths within plots during the
treatments. Sugarbeets (Befa vulgaris L.) were grown in
the plots in the year following treatment, and evaluated
for stand establishment, yield, sugar percentage, and gross
sugar yield. Temperatures in solarized plots were higher
during treatment at all depths to 20 ¢cm than in barren
fallow plots. Temperatures in plots covered with black
plastic were intermediate between the other treatments.
Stand establishment was increased significantly (P = 0.05)-
in solarized plots, but not in those that had been covered
by black plastic. There were no significant differences in
sugar percentages among the treatments. Yields of
sugarbeets and gross sugar from solarized plots were 18%
and 20% greater, respectively, than those from the bar-
ren fallow-treated plots; yields from black plastic-treated
plots were intermediate. Although not presently practical
for sugarbeet production, solarization may be adaptable
for some sugarbeet production environments, and for
assessment of sugarbeet yield potentials.
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establishment, root yield, sugar yield
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Soil solarization is solar heating of soil covered by clear plastic
sheeting (Katan, 1980, 1981, Katan and DeVay, 1991). This practice
has been shown to cause dramatic increases in yields of crops planted
after removal of the plastic (Davis, 1991). These yield increases are
associated with changes in physical, chemical, and biotic
characteristics of the soils (Chen et al., 1991). Most research on soil
solarization has concentrated on biotic changes and applications of
the method to control soilborne diseases (Katan, 1981, Katan and
DeVay, 1991). However, yield increases also have been demonstrated
in apparently disease-free situations (Katan, 1981). Studies and ap-
plications of solarization have been concentrated in geographic loca-
tions characterized by relatively intense solar radiation and high
temperatures (Katan and DeVay, 1991). This study was done to deter-
mine the feasibility of solarization for enhancement of sugarbeet
(Beta vulgaris 1..) productivity at East Lansing, MI (approximately
43° N. latitude), a location characterized by moderate summer
temperatures and cloud cover.

MATERIALS AND METHODS

Fields selected for this study had not been planted to sugarbeets
for at least 5 yr, and had no known history of chronic root or seed-
ling diseases. The experiment contained three treatments: barren fallow
(control), black plastic tarping, and clear plastic tarping (solariza-
tion), with five replications in a complete block design. An additional
control treatment, cropping with corn (Zea mays L.), was included
in the experiments commencing in 1988, but was discontinued due
to potential problems associated with weed control and soil fertility.
Each treatment area was 5.7 m wide by 7.6 m long, which allowed
eight rows, 0.71 m apart and 7.5 m long at planting. Treatments were
applied within 3 days following rain or sprinkler irrigation, thus assur-
ing high soil moisture. Experimental areas were cultivated with a
rotary tiller immediately before the start of treatments. Tarped plots
were covered with single sheets of 4 mil polyethylene, and all edges
of the polyethylene were covered with soil. Fallow plots were hoed
free of vegetation during the treatment periods. Treatments were
started 24 June, 1988, 28 June, 1989, and 21 June, 1990, and were
terminated after approximately 5 wk by removal of the plastic tarps
when the clear polyethylene became brittle and started to tear. Any
weed growth within treated plots was noted. Air temperatures 1 m
above the soil surface and soil temperatures at depths of 0, 10, and
20 cm within treated plots were monitored at irregular intervals with
a hand-held thermocouple probe. Prior to planting (9-10 mo post-
treatment) fertilizer was applied to all plots (450 kg/ha of 16-16-16),



July-September 1993 Effects of Soil Solarization 153

and tilled to a depth of 15 cm with a rotary tiller. Each treatment area
was divided into two 4-row plots to allow two planting dates.
Nonfungicide-treated seeds were sown one seed every 5 cm. Plots in 1989
were planted with the hybrid Hilleshog Monohy E4 on 25 April
(= 1989A) and 15 May (= 1989B). Weather and soil conditions
prevented an early planting in 1990, and the experiment was modified
to employ two hybrids (E4 [= 1990A] and American Crystal 185
[= 1990B]) and a single planting date, 29 May. Planting was done on
16 and 28 May, 1991 with E4; the earlier planting was subsequently
abandoned because of extremely sparse stands in all treatments. A
mixture of the herbicides pyrazon, ethofumesate, and diethatylethyl was
applied to all plots at rates of 3.36, 2.24, and 2.24 kg/ha, respectively,
within 24 hr after planting.

Stands of sugarbeets were counted approximately 4 wk following
planting. Healthy seedlings were counted along three, 1-m sections of
each of the center two rows in each plot. Data were normalized, with
the control being assigned a value of 100%. Plants then were thinned
to a spacing of 15 to 20 cm in all rows, and plots were maintained with
manual weeding through the growing season.

Plants in the center 6 m of the two inner rows of each plot were
harvested the latter half of November each year. Roots smaller than
5-cm diameter were discarded. Foliage was removed; then roots were
washed to remove soil, drained thoroughly, and weighed. A subsample
of 10 to 12 beets was taken randomly from each plot and analyzed for
sugar percentage by the Quality Laboratory of Michigan Sugar
Company, Saginaw, M1, Gross sugar yield was calculated as root yield
times sugar percentage.

RESULTS

Temperatures at the soil surface in solarized plots typically attained
maxima near 50 C on sunny days (Figure 1), and decreased with
increasing depth. The data presented in Figure 1 are typical of
observations during the three seasons soils were treated; sampling times
presented were selected to provide daily maximum and minimum
temperatures at the soil surface. Soil temperatures at all depths from 0
to 20 cm were consistently higher in the clear plastic-tarped plots than
in the barren fallow control plots, and black plastic-tarped plots had
temperatures intermediate between the other treatments,

Vegetation was eliminated manually from the control plots, and did
not grow under the black plastic. Plants of Portulaca oleracea L. were
common under the clear plastic, but only at the edges. Several plants
of an unidentified grass grew at the edges of the clear plastic in 1989.
No other weed growth was observed.
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Figure 1. The effect of barren fallow or tarping of the soil surface
with black or clear plastic sheeting on soil temperatures at the sur-
face, and at depths of 10 and 20 cm. Separated values at the left of
the figure represent surface soil temperatures at 12:00 hrs on 7/23/90,
near the end of a 5-day period of continuous cloud cover and inter-
mittent rain. The weather 7/24 through 7/28/90 was clear and sun-
ny. Air temperatures at the six times presented, from left to right,
were 21.1, 17.9, 30.2, 18.0, 29.4, and 19.6 C, respectively.
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When averaged across five experiments stand establishment was
significantly greater (P = 0.05) in plots that had previously been
covered with clear plastic in the other treatments (Table 1). However,
this difference was attributable almost entirely to a very large dif-
ference in the late planting of 1989. No post-emergence seedling
disease was observed during these experiments.

Yields of roots and gross sugar (Table 1) each were significantly
greater (P = 0.05) in plantings following clear plastic tarping than
in those following barren fallow, and averaged 18 and 20% greater,
respectively, over the five tests. Similarly, root and gross sugar yields
increased 10 and 12%, respectively, following tarping with black
plastic. These differences, while significant (P = 0.05) over the five
tests, were not significant in any individual test. Results from plant-
ings following corn (1989, data not reported) were nearly identical
to those from the barren fallow plots. Sugar percentages (Table 1)
showed a slight, but statistically nonsignificant (P = 0.05) increase
as a result of prior tarping. Based on harvest observations, root
diseases after the seedling stage appeared to be of little or no conse-
quence in this study. Occasional roots rotted by Rhizoctonia solani
Kuhn were encountered, but these never exceeded two per plot, and
were distributed among all treatments.

DISCUSSION

Caution seems warranted in attribution of enhanced stand
enhancement to treatment with clear plastic in these tests. Less than
perfect stands and the large stand differences observed in experiment
1989B indicate that seed rot and/or preemergence seedling disease
were prevalent. Diseased seeds or preemergent seedlings were not
recovered for pathogen assays.

Yield increases of sugarbeets as a result of prior soil tarping with
clear or black plastic corresponded well to the relative amounts of
soil heating observed during treatment. These increases occurred
despite a lapse of at least 9 mo between the termination of treat-
ment and planting of beets. Previous studies (Katan, 1981, and DeVay
and Katan, 1991) have demonstrated increases in populations of soil
bacteria and decreases in populations of fungi as a result of solariza-
tion that can persist for more than a year. These population shifts
are thought to be beneficial to plant growth, even in the absence of
disease problems (Katan, 1981). An explanation for growth stimula-
tion might be a reduction in the turnover (death and replacement)
of feeder roots. Investigations of changes in soil biota and root turn-
over would provide useful extensions of this study.
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Table 1. The effect of field treatment the prior growing season on
stand establishment, root yield, sugar percentage, and gross sugar
vield of sugarbeets grown at East Lansing, Michigan. Non-treated
seeds were used in all experiments.’

Treatment
Barren Black Clear L.S.D.
Experiment Fallow Plastic Plastic (0.05)

Stand, "o of barren fallow

1989A 100 99 99 21
1989B 100 125 213 40
1990A 100 99 36 56
1990B 100 87 131 43
199] 100 108 101 27
Mean 100 104 126 15
Root Yield, Mg ha !
1989A 44.0 49.6 57.5 8.9
19898 37.4 473 442 10.9
1990A 50.5 55.7 59.6 9.1
1990B 52.2 56.3 60.1 6.9
1991 534 53.7 58.3 8.6
Mean 47.5 52.5 56.0 3.5
Sugar, %
1989A 17.1 16.9 17.0 0.7
1989B 16.7 16.8 17.4 1.4
1990A 16.8 17.2 16.6 1.0
1990B 17.2 17.9 18.0 1.3
1991 17:2 16.7 17.2 1.5
Mean 17.0 17.1 17.2 0.4
Gross Sugar, Mg ha '
1989A 7.43 8.34 9.75 1.34
1989B 6.28 7.99 7.77 2.26
1990A 8.47 9.57 9.92 1.81
1990B 8.91 10.08 10.78 1.38
1991 9.17 9.01 10.01 1.95
Mean 8.05 9.00 9.65 0.70

'1989 experiments were planted with the hybrid Hilleshog Monohy E4 on
4/25 (1989A) and 5/15 (1989B); 1990 experiments were planted on 5/29 with
the hybrids E4 (1990A) and Americal Crystal 185 (1990B); the 1991 experi-
ment was planted 5/28 with hybrid E4.
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Solarization has proven most beneficial in geographic locations
with major soilborne fungal disease problems and relatively intense
solar radiation. Neither of these situations prevails in Michigan
sugarbeet fields in most vears. Adoption of soil solarization seems
unlikely here, in spite of the potential yield increases demonstrated,
because it would entail loss of a growing season. Ruppel (1991) stated
that solarization “would not be economically practical in sugarbeet
cultivation. ” However, equipment for implementation of solariza-
tion on a commercial scale is available (Grinstein and Hertztroni,
1991), and other sugarbeet producing regions might find the prac-
tice worthwhile. Numerous soilborne disease problems affect
sugarbeet production in the panhandle of Texas (Rush and Winter,
1990), where duration of warm, sunny weather may be sufficient to
solarize soil immediately after harvesting wheat. California sugarbeet
production involves a long growing season that could prove amenable
to solarization without loss of significant growing time. Solarization
may be helpful in reducing rhizomania (Duffus et al., 1984), a serious
virus disease vectored by the soil-borne fungus Polymyxa betae
Keskin. Even where not economically feasible, solarization may pro-
vide a useful alternative to soil fumigation for assessment of disease
losses or yield potential of sugarbeets.
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